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Abstract 
A finite element model was built for predicting the Lamb wave signals in isotropic material with defect. By acting 
optimized exciting condition, single mode Lamb wave was generated in the plate with defect. S0 mode and A0 mode 
are the main modes researched in this paper. A 2-D finite element model was built to analyze the reflection from the 
defect using S0 mode Lamb wave scattering approach. Complex wavelet transform was applied to extract envelope 
and arrival time of reflections from defect to evaluate the depth of defect. The predicted signals from finite element 
model were validated by experimental measurements. In comparison with the results between theory and experiment, 
it’s concluded that the finite element model is effective for predicting the lamb wave signal on UNDE. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [CEIS 2011] 
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1. Introduction 
The guided Lamb wave is widely acknowledged as one of the most encouraging tools for inspecting 
integrity of plate by identifying damage quantitatively[1-2]. Developed and published in 1917[3] by 
Horace Lamb, Lamb wave is studied intensively since 1980s. However, widespread use did not come 
about until the 1990s when computer programs for calculating dispersion curves and relating them to 
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experimentally observable signals became much more widely available [4]. Compared with conventional 
bulk wave testing, Lamb waves have longer wavelengths and the attenuation of the wave is less, so that 
flaws can be detected at greater distances.  
By Lamb wave tomography, we can get a image of defect quantitatively. Recently Lamb wave 
tomography based on sensor array has been employed to imaging the defects in plate, and has proved to 
be effective. 
2. Procedure for finite element simulation 
The finite element method is widely used in the acoustic research for simulating the progress of 
ultrasonic wave propagation. The finite element method divide solving domain into finite smaller 
elements. According to basic force equilibrium equation and appropriate boundary conditions, the stress 
and strain of each node will be available. 
By establishing finite element dynamic equilibrium equations, the stress and strain of all elements can 
be solved at every moment, which can simulate ultrasonic guided wave propagation. General form of 
finite element dynamic equilibrium equation is given by 
Ma Za Ka R+ + =                                                                                                                            
(6) 
where, M , Z and K are total mass matrix, total damping matrix and total stiffness matrix, a , a and are 
total acceleration matrix, velocity matrix and displacement matrix, is momentum loading matrix. The 
finite element simulations were performed using a two-dimensional domain, with the assumption of plane 
strain. The spatial model is shown in Fig. 1. An aluminum plate of 1mm thickness and 130mm length was 
modeled for predicting the reflections of the defect, the thickness being chosen for convenience to match 
the thickness of the plates used in the experimental work. 
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Geometry of 2-D finite element model of solid plate is shown in Fig. 1
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Fig. 1 Schematic illustration of finite element model                          Fig. 2 Predicted signal of point of incident area
Table 1 Geometry of 2-D finite element model of solid plate 
Material 
Thickness(mm) Excitation frequency(MHz) d1(mm) d2(mm) d3(mm) 
Aluminum 
1 1 70 30 30 
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A windowed sinusoid signal with a center f frequency has been used to excite Lamb wave, which is 
given by 
sin(2 )sin(2 /10) 5 /
( )
0
ft ft t
f t
t
π π <⎧
= ⎨
>⎩
f
f                                                                                        
(7) 
According to the characteristic of symmetric and anti-symmetric modes Lamb waves, the symmetric 
and anti-symmetric modes of Lamb waves can be generated separately by producing either pure shear or 
pure bending. Furthermore, only S0 and A0 mode Lamb waves are possible to be excited when the 
frequency times thickness fd is lower than the frequency cut-off of A1 mode, which can be concluded 
from phase velocity dispersion curves,. Therefore, S0 mode or A0 mode excitation can be realized by 
applying the same or opposite traction on the two surfaces of the plate at low frequency times thickness fd.
The S0 mode Lamb wave was proved to be sensitive to defect of metal plate [5-6]. The propagating 
modes are able to be identified by comparing different group velocities with group velocity dispersion 
curves at the same frequency. Fig. 3 shows single mode Lamb wave excitation method. 
As Fig. 3 shows, Lamb wave was generated by applying excitation in incident area, and reflections 
from the boundary and defects can be received by monitoring point. By analyzing the amplitude, defect 
arrival time and frequency spectrum of reflected signals, defect information can be extracted by analyzing 
the degree of affection on the guided wave signal. Finally, the predicted signal can provide theoretical 
guidance for practical detection. 
Fig. 4 shows predicted time record of a monitored point by single S0 mode Lamb wave excitation 
without considering the attenuation of plate. Two wave packets can be observed at 16.7 sμ and 40.1 sμ .
The first packet is incident S0 mode lamb wave and the second is the reflection from the boundary of 
plate. The difference of propagating distance between two wave packets is 120 mm. Time spread 
phenomenon due to dispersion nature of Lamb wave is evident concluded from Fig. 4. The difference of 
propagation distance between the first wave packet and the second wave packet is 120mm. 
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Fig. 3 Single mode Lamb wave excitation Fig. 4 Predicted time record at monitoring point by single S0 mode excitation without 
damping 
Attenuation of Lamb wave can not be ignored, so the Rayleigh damping model is employed to model 
the viscoelasticity of the plate. Table 2 shows damping coefficients of Rayleigh damping model. 
Table 2 Damping coefficients of Rayleigh damping model 
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α
Damping model β
Rayleigh 
1e-9 1e-9 
Complex wavelet transform can give the accuracy arrival time of wave packet for its good time-
frequency resolution. Complex Gaussian wavelet transform is employed to obtain the arrival time of 
received signal. The velocity is 5.08 /mm sμ , then the mode can be identified as S0 mode Lamb wave 
after comparing with the theoretical group velocity dispersion curves at fd of 1MHz-mm, which is shown 
in Fig. 5. 
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
0
1
2
3
4
5
6
fd (MHz-mm)
Cp
 
(km
/s
)
A2
A1
S2
S1
A0
S0
0 10 20 30 40 50 60 70
-1
-0.5
0
0.5
1
t (µs)
Am
p 
(no
am
al
iz
ed
)
S0 mode S0 mode reflected by edge
Fig. 5 group velocity dispersion curves of Lamb wave                      Fig. 6 Predicted time record at monitoring point  
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Fig. 6 shows predicted time record of a monitoring point by single S0 mode Lamb wave excitation 
with Rayleigh damping  
3. Experiments 
Full data acquisition atone point can be finished at one time in FEM model. But we need to test two 
times in forward direction and reverse direction according to Snell’s Law. A healthy aluminum plate of 
1mm thickness was tested in the experiment. A pair of 1MHz transducers with 30 degree Perspex wedges 
was employed to excite single S0 mode Lamb wave in the plate. The excitation signal is 5 cycle 
windowed sinusoid signal. The sample rate is 10MHz, and the inspection is performed in pitch-catch way. 
Incident and reflected S0 mode Lamb wave signal can be measured by putting transducers in forward 
direction and reverse direction respectively. The time delay by Perspex wedges has been compensated to 
extract arrival time of wave packet more accurately. There are also little components of A0 mode Lamb 
wave appeared at 26 sμ in the experiment. Complex Gaussian wavelet transform of experimental result is 
able to give better evaluation of arrival time of wave packet than Hilbert transform. 
An artificial defect of 0.5mm depth and 0.2mm width has been made on the aluminum plate as 
specimen to validate the FEM model in this paper. Received signal at monitoring point is shown in Fig. 8. 
Additional wave packet can be observed at 30 sμ compared with Fig. 7, which can be recognized as 
reflections from the edge of defect. Defect information can be extracted from the reflections to evaluate 
the defect quantitatively. 
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 Fig. 7 Experimental result of plate  without defect                               Fig. 8 Experimental result of plate with defect
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Experimental result of plate with defect matches well with the signal predicted by FEM model in terms 
of arrival time and amplitude.  
Conclusion 
A finite element model for predicting the Lamb wave signals in aluminum plate with defect was 
introduced. Single S0 and A0 mode Lamb waves were generated in the plate for researching the 
mechanism of single mode Lamb wave interaction with defect. Complex wavelet transform was applied 
to extract envelope and arrival time of reflections from defect to evaluate the depth of defect. The 
predicted signals given by FEM model were validated by experimental results. In comparison with the 
results between theory and experiment, it’s concluded that the finite element model is effective for 
studying single mode Lamb wave interaction with defect of plate. 
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